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FOREWORD 


The  work  described  in  this  report  was  authorized  under  Task  IB 62 2401 A 10204, 
Detection  and  Warning  investigations  (U).  This  work  was  started  In  March  1964  and  completed 
in  Marclt  1 968,  The  experimental  data  are  recorded  in  notebooks  7 1 74,  7279,  and  7336. 

Reproduction  of  this  document  in  whole  or  in  part  is  prohibited  except  with 
permission  of  the  Commanding  Officer,  US  Army  Edgewood  Arsenal,  ATTN:  SMUEA-TSTI-T, 
Edge  wood  Arsenal,  Maryland  21010;  however,  Defense  Documentation  Center  is  authorized  to 
reproduce  the  document  for  United  States  Government  purposes. 


DIGEST 


The  purpose  of  this  investigation  is  to  obtain  basic  information  on  rearrangements  of 
organonitrogen  compounds;  specifically  studied  was  the  reaction  of  substituted  formamidos  to 
yield  isoeyanides. 

Imido— isoitnide  equilibria  wore  studied  by  an  analysis  of  the  thermal  decomposition 
products  of  /V-a Iky l(aryl)-iV-formy!acot amides.  Relative  yields  in  decarbonylation  (arising  from 
imtde)  vs.  isocyanide  formation  (arising  from  isoitnide)  in  the  pyrolysis  of  Mphenyl,  AGobutyl, 
Mwobutyl,  and  /V-eyclohexyl-N-formylaectamidcs  were  found  to  be  99:3,  86:14,  59:43  and 
51:49,  respectively.  Nitriles  rather  than  isocyanidcs  were  isolated  because  of  the  isomerization 
which  occurs  at  high  temperatures. 

It  is  concluded  that  the  quantities  of  amide  and  nitrile  isolatod  may  be  the  net  result 
of  a  number  of  reactions:  itnide-isoimide  reversible  rearrangement,  isoimide  a-elimination 
(possibly  reversible),  imido  decarbonylation  (irreversible),  isocyanide -nitrile  isomerization 
(Sneversible)  and  imido  regeneration  from  isocyanidt  and  acid  th  ough  formamidc  and  acetic 
anhydride.  Among  the  imides  studied  both  an  electronic  and  a  steric  effect  appear  to  be 
operating. 
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REARRANGEMENT  OF  ORGANON  IT  ROG  E  N  COMPOUNDS. 
1MIDE  -  ISOIMIDE  EQUILIBRIA. 


1.  INTRODUCTION. 


The  formation  of  isoimides  as  transient  intermediates  (which  rearrange  to  the  imlde 
or  which  yield  products  logically  derived  from  isoimide  structures  is  widely  reported.) ‘8 
Munini'5  detected  an  intensive  odor  of  isocyanide  in  the  dccarbonykuion  of  A'-formyl- 
tenzanilide  but  he  ow  nwi  import  isolating  the  product.  Similar!)  Wheeler10  claimed  that 
pyrolysis  of  jV-formylstcarnnilide  gave  phenyl  isocyanide  and  stearic  acid  but  pvc  no 
supporting  details,  isocyanide  production  in  these  reactions  gives  evidence  of  an  iiuide - 
isoimide  rearrangement  (equation  1). 
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Isoimides  have  been  isolated  only  when  the  function  is  part  of  a  five-momberod  ring 
which  also  contains  a  carbon-carbon  double  bond) 1  or  when  the  nitrogen  bears  a 
2,4-dlnltrophonyl  group.**  13  These  isoimides  rearrange  via  an  oxygen*to*nitrogon  acyl 
migration  when  heated,  however  the  rearrangement  observed  for  the  cyclic  case  may  depend 
on  acid  or  base  catalysis.) 3 


Mumm  and  eoworkors,'  postulated  a  reversible  imide-isoimide  rearrangement  to 
explain  three  pyrolysis  reactions.  Expressing  specific  examples  in  general  terms,  the  reactions 
are  pyrolysis  of  acyclic  intides  to  carboxylic  acids  and  nitriles,  pyrolysis  of  /V-aikyi(aryl) 
AM  or luyhi nildcs 

A'-o  I  ky  l(  ar  y  1 )  -/V*  f o  r  m  y  lami  d  e  s  to  isocyanides  and  carboxylic  acid 


o  the  /V-aikyUaryDitniides  and  carbon  monoxide,  and  the  pyrolysis  of 


For  the  pyrolysis  of  acyclic  imides,  Sheehan  and  Corey5  have  written  a  reversible 
(mide- isoimide  rearrangement  as  a  part  of  the  mechanism  in  agreement  with  Mumm's 
postulate.  More  extensive  studies  have  recently  been  explained  by  postulating  a  concerted 
mechanism  which  omits  a  discrete  isoimide  intermediate.,  though  the  authors  consider  a  path 
through  an  isoimide  intermidlate  as  a  possible  limiting  cased  * 

In  the  pyrolysis  of  /V-nlkyl(aryl)-A-formylamidcs  to  /Vstlkyl  ( aryl Hm ides,  a 
decai  bony laiion  mechanism  for  Mumm’s  postulated  isoimide  can  be  written  (equation  ?,). 


CO  i  R-C-NHK  (2) 


However,  deenrbonylation  could  a  Iso  occur  directly  front  the  tinkle  ten  nation  3). 


CO  +  R  ('  =  N  R 

I 

Oil 


R  |  NHR 
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(3) 


For  the  pyrolysis  of  .V-aikyltaryD-A’-forniyltimides  to  isoeyrmides,  a  mechanism  is 
difficult  to  write  unless  prior  rc&irmigemont  to  an  isoimide  occurs.  The  isoimide.  can  then 
undergo  on  a-elimiilation  (equation  1).  Tiro  existence  of  tills  pyrolysis  reaction  gives  (ho  best 
evidence  for  n  reversible  imide  Isolmido  equilibrium  at  high  temperatures,  in  order  to 
investigate  Mumm’s  postulated  equilibrium,  to  determine  quantitatively  the  relative  im¬ 
portance  of  doearbonylution  vs.  isocynnide  formation  as  pyrolysis  pathways,  and  to  investigate 
the  formation  of  isocynnldcs  from  substituted  formnmidcs,  wc  studied  the  pyrolysis  of 
/V-phenyl-,  .Vvi-butyl-,  /Vistm-butyl-  and  V-cyclohexybY-formylncetamides. 


H.  EXPERIMENTAL. 

The  starting  materials  were  synthesized  by  acctyiating  the  appropriate  fornmmide 
derivative  with  ncotyl  chloride.  The  pyrolysis  apparatus  was  a  gas  chromatograph  equipped 
with  a  6  ft  x  0.25  in.  copper  of  glass  tube  in  place  of  tire  usual  column.  Sufficient  pyrolysis 
products  wore  then  obtained  by  multiple  injection  of  reactant  using  a  helium  carrier  ps  How 
rote  of  60  ml/min  and  oven  temperature  of  -TOO0 .  The  time  of  passage  through  die  tube  wind 
between  2  and  25  sec.  The  combined  products  wore  collected  at  ice-water  temperature  and 
separated  by  preparative  gie.  The  identity  of  each  peak  was  determined  by  comparison  of  its 
retention  time  and  infra-red  spectrum  with  an  authentic  sample.  Quantitative  analyses  were 
obtained  with  an  estimated  uncertainty  of  3  mole  percent  by  measuring  the  peak  areas  with  a 
disc  integrator. 


Synthesis  of  .Y-Formyiacctanilide 


Formanilidinc  <24,2  gnu  0.02  mole)  was  dissolved  in  250  mi  of  methylene  chloride 
and  cooled  in  ice.  Pyridine  <31,7  gm,  0.40  mole)  and  acetyl  chloride  (31.4  gm,  0.40  mok) 
wore  added  and  the  mixture  extracted  twice  with  100  ml  and  once  with  50  ml  portions  of 
water.  The  methylene  chloride  solution  was  dried  (N112SO4 )  overnight,  stripped  with  a  rotary 
evaporator,  and  distilled  with  a  spinning  band  column  giving  26.0  gm  (80%)  of  the  imide:  bp 
B  1*82°  (0.035  mm)  (lit.10  bp  157-158"  (23  mm)),  The  product  was  lecrystallized  from 
cther/lipoin;  softens  53";  nip  55"  (lit.10  mp  56°). 


Synthesis  of  Mt'/i-butyD-iV-Formylacetumido 

/i-Outylformaniide  (20.2  gm,  0.20  mole)  and  acetyl  chloride  (62.7  gm,  0.80  mole) 
were  mixed  and  stirred  at  reflux  for  5  hr  while  protected  from  moisture.  After  the  reaction 


solution  stood  «?  room  temperature  for  30  hr,  the  acetyl  chloride  was  stripped  off  with  u 
rotary'  evaporator.  The  residue  was  distilled  through  n  spinning  band  column  giving  19.2  gm 
(67%)  of  the  (nude:  bp  74.5-75.5°  (O.7Q-0.75  mm);  h^3  » .45  13. 

Anal.  talcdforCyHjjNtV  C.  58.72.  H,  9.15;  N.  9  78. 
bound :  C.  58.9;  11,9.3;  N.  9.7. 


Synthesis  of  N-f  sc i -bu  t y  1  )-.V- Formy  (acetamide 

itV-Butylformamidc  (20.3  gin,  0.20  mold  was  dissolved  in  200  ml  methylene 
chloride  and  pyridine  (23.7  gm,  0.30  mole)  and  acetyl  chloride  (17.3  gm,  0.22  mole)  was 
added,  The  solution  wormed  and  turned  light  yellow  upon  acetyl  chloride  addition.  It  was  then 
cooled  in  ice  and  n  white  salt  formed  upon  complete  addition  of  acetyl  chloride,  'flu*  solution 
was  stirred  sit  room  temperature  and  an  additional  ten  ml  of  acetyl  chloride  and  five  ml  of 
pyridine  were  added  because  gtc  showed  an  incomplete  reaction.  The  white  salt  was  filtered  off 
and  the  mediylene  cliloridc  evaporated  whereupon  more  white  salt  formed  and  was  filtered  off 
again.  The  residue  was  vacuum  distilled  and  gave  22.2  gm  (77%)  of  imidc  bp  S3.S°  (0.10  mm), 
The  product  was  slightly  impure  by  glc  and  purified  by  preparative  glc:  1 .45 17. 

Anal.  Calcd  for  C,ll,3N03:  C.  58.72.  11.9,15.  N.9.78. 

Found;  C,  58.5,  H.9.3,  N,  9.9. 


Synthesis  of  ,V-Cyclohexyl-/V-Formylacetamido 

Cyciohexylformnmide  (25.5  gm,  0.20  mole)  was  dissolved  in  250  ml  of  methylene 
chloride  and  pyridine  (31,7  gm,  0.40  mole)  and  acetyl  chloride  (31.4  gm,  0.40  mole)  was 
slowly  added  with  ice  cooling.  A  white  suit  formed  immediately,  the  mixture  turned  light 
yellow  and  was  allowed  to  stund  for  one  hour.  The  mixture  was  poured  into  a  separatory 
funnel  and  washed  with  three  100  ml  portions  of  water.  The  methylene  chloride  solution  was 
dried  (NajSO.,),  stripped  of  solvent,  and  distilled  through  a  spinning  band  column  giving  23.3 
gm  (68%)  of  imidc:  bp  74-75°  (0.20  mm);/t^3  1 .4872. 


Anal.  Calcd  for  Co  III  6 N02;  C.  63.88.  It,  8.94,  N,  8.28. 
Found:  C,  63.8;  11,9.0,  N,  8.3. 


Pyrolysis 

The  weight  of  the  injected  imidc  may  be  as  much  as  -5%  low  due  to  evaporation 
from  the  needle.  The  corrected  weights  are  subject  to  the  "3%  uncertainty  of  the  glc  analysis, 
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Pyrolysis  of  /V-Fortnylacetanilide 

White  crystals  formed  in  the  collector  bottle:  nip  109-113°  without  purification 
(acetanilide:  tup  113  115°).  The  collector  bottle  was  washed  with  a  small  quantity  of 
chloroform.  An  infra-red  spectrum  of  the  chloroform  solution  showed  a  small  peak  at  4.48  m, 
identical  with  the  nitrile  peak  at  4.48  n  of  an  authentic  benzonitrile  sample.  A  glc  of  the 
chloroform  solution  (column:  30%  SB  30  on  45/60  Clirom.  W;  3/8  in.  x  20  ft)  gave  a  peak 
with  a  retention  time  identical  to  that  of  benzonitrile. 


Pyrolysis  of  A'-/  N-ButyD-A'-Formylacetamide 
Copper  Tube 

The  irnide  (228  mg,  1.59  mmole)  was  injected  in  50  jul  aliquots.  The  products  (186 
mg)  were  collected  in  ice  and  analyzed  by  glc  (column:  30%  SB  30  on  45/60  Clirom.  W;  3/8  in. 
x  20  ft).  Product  weight  corrected  for  carbon  monoxide  loss  from  85%  of  the  starting  material 
is  224  mg. 


Glass  Tube 

The  imide  (228  mg,  1 .59  mmole)  was  injected  in  50  n\  aliquots.  The  products  (195.5 
mg)  were  collected  in  ice  and  analyzed  by  glc  (column:  30%  SB  30  on  45/60  Chrom.  W;  3/8  in. 
x  20  ft).  Product  weight  corrected  for  carbon  monoxide  loss  from  85%  of  the  starting  material 
is  234  mg. 


Pyrolysis  of  A'Y$ec-Butyl)wV-Formylacetamide 

The  imide  (461  mg,  3.22  mmole)  was  injected  in  45  jul  aliquots.  The  products  (433 
mg)  were  collected  in  ice  and  analyzed  by  glc  (column:  30%  SB  30  on  45/60  Chrom.  W;  3/8  in. 
x  20  ft).  The  product  weight  corrected  for  carbon  monoxide  loss  with  33%  unreacted  starting 
material  and  57%  of  the  reacted  imide  decarbonylating  is  467  mg. 


Pyrolysis  of  A'-Cyclohexyl-A'-Formylacetamide 

The  imide  (980  mg,  5.80  mmole)  was  injected  in  45  n\ aliquots.  The  products  (802 
mg)  were  collected  in  ice  and  analyzed  by  glc  (column:  30%  SE  30  on  45/60  Chrom.  W ;  3/8  m. 
x  20  ft).  The  weight  corrected  for  carbon  monoxide  loss  with  8%  unreacted  starting  material 
and  5 1%  of  the  reacted  imide  decarbonylating  is  880  mg. 


Ill.  RESULTS. 

Starting  materials  were  synthesized  by  acetylating  the  appropriate  formamide 
derivative  with  acetyl  chloride.  The  A’-formylacetamides  were  pyrolyzod  by  passing  them 
through  copper  or  glass  tubes  at  400°,  Experimental  results  are  summarized  in  tables  I  and  II. 
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Table  I.  Products  Obtained  in  the  Pyrolysis  of  Af-SubstitiitedW-Fonnylacetamides 


Nitrogen  Substituent 

Acetamide 
(%  yield) 

Nitrile 
(%  yield) 

Acetic  Acid 
(%  yield) 

Phenyl3 

>  99 

<  1 

- 

»-Butyla 

75 

12 

13 

«-Butylb 

74 

10 

16 

«:c-Butyla 

40 

30 

30 

Cycloliexyl3 

34 

35 

31 

acopper  tube,  ^glass  tube 


Table  II.  Relative  Reaction  Paths  in  the  Pyrolysis  of 
Ar-Substituted-iV-Formylacetaniides 


Nitrogen  Substituent 

%  Decarbonylation 

%  Isonitrile- Acid 

Phenyl 

>99 

<  1 

n-Butyl 

86 

14 

iec~Butyl 

57 

43 

Cyclohexyl 

5! 

49 

Further  investigation  of  the  N-ndiutyl-AZ-formylacetainide  pyrolysis  reaction  was 
performed  by  running  a  variety  of  reactions  on  degassed  reactants  in  sealed  tubes.  Equations 
4-8  record  the  observed  products  analyzed  tor  by  gic  atong  with  the  time  and  temperature  of 
the  reaction. 

380* 

n-  C4H9NHCHO  '  3  o'  No  Reaction  (4) 


n~C.A  IlgNCHO 
COCH3 


365* 

TTT 


mui 


/1-C4  HaNHCOCHj  +  high  pressure  (CO) 


(5) 


n-C4H9  NC  +  CH3COOH 


325* 

30  mm 


n-C4II9NHCOCH3  (80%)  +  „~C4H9CN  (10%)  (6) 
+m-C4H9NHCHO  (10%) 


n-CVIsCN 


(7) 


n— C4H9NC 


310° 
15  min 


350° 

n -C« 1 1<> NHCHO  +  (CIl3CO)2 O  n-C4H9NHCOCH3(50%)  +  CM3COOH(50%)  (8) 

30  mm 

+  high  pressure  (CO) 

If  the  reaction  represented  in  equation  5  is  not  run  to  completion,  the  odor  of  iso- 
cyanide  is  detectable  upon  opening  the  tube. 

IV.  DISCUSSION. 

The  results  are  conveniently  discussed  in  terms  of  reaction  scheme  I.  Although  the 
experimental  information  required  to  fulfill  the  necessary  conditions  for  unimolecular  reaction 


CO  +  RNHC-CIl, 


OQ  H  H 

»  !!  !  1 

I/2CH3  C-O-CCH3  +  R--N— C=0 


Scheme  I.  Tire  ImideTsoimide  Rearrangement. 


mechanisms1 6  has  not  been  determined,  we  postulate  that  the  decarbonylation  and  the 
a-elimination  (isocyanide  formation)  reactions  are  unimolecular.  The  agreement  within 
experimental  error  of  the  results  for  pyrolysis  of  the  n-butyl  derivative  in  both  the  copper  and 
glass  tube  supports  the  conclusion  that  the  reactions  whose  rates  determine  the  product  ratios 
are  homogeneous. 

The  quantities  of  amide  and  nitrile  isolated  may  be  tire  net  result  of  a  number  of 
possible  reactions:  imide-isoimide  reversible  rearrangement,  isoimide  a-elimination  (possibly 
reversible),  imide  decarbonylation  (irreversible),  isocyanide-mtrile  isomerization  (irreversible) 
and  imide  regeneration  from  isocyanide  and  acid  tlirough  forinamide  and  acetic  anhydride. 
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Though  all  those  rates  and  their  dependence  upon  the  R  group  is  not  known,  an  explanation  of 
the  general  features  of  the  R -group  influence  upon  reaction  pathway  can  be  proposed  which 
seems  logical  in  view  of  already  determined  isocyanide  isomerization  rates16'18  and  tire 
electronic  and  steric  effects  of  tire  R -groups. 

The  thermal  unimolccular  isomerization  of  isocyanides  to  nitriles  explains  the 
presence  of  the  nitriles  as  the  products  of  tire  pyrolysis.16-1 8  Several  of  the  isocyanides  in  this 
study  were  so  completely  isomcrized  tinder  the  exact  conditions  of  imide  pyrolysis  their  odor 
was  barely  detectable  in  the  nitrile  product.  Furthermore,  isomerization  rate  constants  can  be 
estimated  for  the  isocyanides  by  using  the  Arrhenius  parameters  for  methyl  isocyanide 
reported  by  Schneider  and  Rabinovitch16  and  the  influence  of  the  nitrogen  substituent  on  the 
isomerization  rate  reported  by  Casanova,  et  ah18  Thus  an  estimated  lower  limit  is  k  =  5 
see-1 ,  a  number  sufficiently  large  to  explain  the  exclusive  isolation  of  nitrile, 

Rabinovitch  and  Kohlmaier1?  determined  the  p-tolyl  isocyanide  gas  phase  iso* 
merization  rate  to  be  75  x  10-s  sec-1  at  200°,  Casanova,  et  al.,16  showed  phenyl  isocyanide 
isomerization  rates  in  diglyme  to  be  only  slightly  dependent  upon  a  para  substituent, 
suggesting  the  gas  phase  isomerization  rate  of  phenyl  isocyanide  is  probably  very  similar  to 
that  of  />tolyl  isocyanide.  They  also  determined  the  ethyl  and  sec-butyl  isocyanide  gas  phase 
isomerization  rates  to  be  10.4  x  10-®  sec1  and  3.45  x  10-6  sec-1  respectively  at  200°,  Thus 
comparison  of  gas  phase  isomerization  rate  constants  gives  the  order:  phenyl  >-  n-alky!> 
.see-alkyl.  Since  the  rate  of  nitrile  formation  relative,  to  the  rate  of  decarbonylation  is 
see-alkyl  >  »-alkyl  > phenyl  for  imide  pyrolysis,  this  order  is  achieved  in  spite  of  the  order  of 
isocyanide  isomerization  rates. 

Isomerization  to  nitrile  may  not  be  the  only  reaction  of  the  isocyanide  formed.  The 
isocyanide  and  acid  may  revert  to  imide  if  the  e-elimination  is  a  reversible  reaction  or  if  a 
second  pathway  through  formamide  and  acetic  anhydride19  is  operative  (equation  9).  If  imide 
originally  decomposing  to  isocyanide  and  acid  does  re-form  and  then  decarbonylates,  the 
nitrile  isolated  would  be  less  than  would  be  the  case  if  the  exclusive  isocyanide  reaction  were 
isomerization.  Sealed  tube  reactions  (equations  6  and  8)  show  that  either  one  or  both  of  these 
reaction  sequences  can  form  imide  and  could  be  present  in  the  flow  method  pyrolysis. 

H  COCH3 

1  / 

R-NsC  +  CHaCOOH  R-N-CHO  +  fPH3C0V,0  -•y,ll3<-yyii  R-N  (9) 

xono 


Failure  to  pyrolyze  the  imides  under  conditions  that  altow  isocyanide  isomerization 
to  favorably  compete  with  other  isocyanide  reactions  may  give  results  which  differ  from  the 
flow  method  and  even  mask  the  isocyanide-aeid  mode  of  decomposition.  Thus  the  higher 
pressures  obtained  by  pyrolysis  in  a  sealed  tube  may  so  enhance  the  re-formation  of  imide  that 
decarbonylation  is  the  only  net  reaction  observed  (note  equation  5).  Heating  the  imide  to  a 
temperature  near  its  boiling  point  at  atmospheric  pressure  yielded  a  solution  which  darkened 
rapidly,  evolved  a  gas,  and  possessed  an  isocyanide  odor.  Knowledge  of  the  reactions  possible 
for  a  solution  of  the  parent  imide,  its  corresponding  amide  and  formamide,  isocyanide,  nitrile, 
acetic  acid,  and  acetic  anhydride  between  100°  and  200°  discouraged  further  investigation. 
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A  mechanism  for  the  formation  of  nitrile  and  carboxylic  acid  from  the  imide  is 
difficult  to  conceive  without  the  ooiinide  a -elimination  and  the  isocyanidf  somerization,  The 
four-centered  cyclic  transition  state  for  the  reversible  imide  >  isoimide  rearrangement  is  that 
proposed  by  Curtin  and  Miller1 2  (equation  10), 
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imide 


transition  state  isoimide 


Among  the  imidcs  studied,  both  electronic  and  steric  effects  seem  to  be  operating. 
An  electronic  effect  seems  best  able  to  explain  the  results  for  the.  phenyl  imide.  The  electron 
density  of  the  nitrogen  atom  can  promote  the  imidc’s  ability  to  achieve  the  transition  state  as 
shown  by  the  resonance  form  written.  For  the  phenyl  imide,  the  nitrogen  electron  density  is 
significantly  decreased  in  comparison  to  the  alkyl  imides  by  electron  delocalization  into  the 
benzene  ring.  We  suggest  this  is  the  reason  for  the  much  smaller  nitrile  .-amide  ratio  for  the 
phenyl  imide  as  compared  to  the  alkyl  imides.  The  same  nitrogen  electron  density  argument, 
now  based  on  the  inductive  effect  crucially  influencing  the  imide  to  isoimide  isomerization 
rate,  could  be  a  factor  increasing  the  nitrile: amide  ratio  as  one  goes  from  the  primary  to 
secondary  alkyl  groups.  However,  the  steriealiy  preferred  imide  conformation  may  be  more 
influential. 


The  trend  of  the  steriealiy  preferred  imide  eonformer  with  the  change  in  R-group 
from  primary  to  secondary  at  the  pyrolysis  temperature  can  be  deduced  from  imide  and  amide 
conformation  determinations  at  room  temperature.  The  rotational  barrier  of  the  amide  bond 
leads  to  three  possible  conformed  for  an  imide,  viz, 
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Dipole  moment  data  support  assignment  of  conformation  B  to  Af-methyldiformamide, 
dlacetamide  and  A'-methyldiacetamide.^o  Though  not  determined  it  is  likely  that  the  B 
conformation  (I  or  H)  can  be  assigned  to  the  imides  of  this  study. 
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Monosubstituted  formamidos  arc  predominantly  tram  and  show  a  small  trend 
towards  the  ds-conformcr  with  increasingly  bulky  substituents.71  In  unsym metrical  dis- 
ubstituted  formamidos,  the  formyl  hydrogen  is  cis  to  the  bulkier  substituent.77  Although  the 
amide  bond  will  no  longer  show  cis-irans  isomerism  at  the  temperature  of  tliis  pyrolysis,7 3 the 
steric  considerations  can  still  be  used  to  deduce  the  trend  of  conformation  wit  h  R -group.  Thus 
as  one  goes  from  a  primary  to  a  secondary  alkyl  group,  tire  trend  will  Ire  for  the  formyl  and  the 
acetyl  to  maintain  a  mote  trans-like  character  even  though  rotation  may  occur  for  botlt  groups. 
This  is  precisely  tire  trend  in  conformation  favorable  for  producing  a  trend  towards 
rearrangement  to  an  isoforntintide.  As  the  trend  in  nitrile: amide  ratio  agrees  with  the  trend 
favoring  isoformltnidc  formation,  rearrangement  to  isoformimide  appears  to  be  the  rate 
determining  step  for  degradation  to  nitrile  and  add. 

As  first  discussed  in  the  introduction,  a  unimolecular  mechanism  for  dc* 
corbonylation  can  be  written  from  either  the  imlde  or  isoimide.  The  considerations  used  to 
explain  the  changing  nitrile :amide  ratio  with  R-group  imply  the  imide  *  isoformimlde 
rearrangement  is  the  rate  determining  step  in  nitrite  formation.  In  view  of  tills  fact,  it  is 
tempting  to  try  to  exclude  the  possibility  of  an  isoacctimide  in  the  decarbonylation 
mechanism  by  using  an  argument  based  on  the  electronic  or  steric  effects  influencing  the 
relative  rate  of  isomerization  of  any  single  imide  to  either  the  isoformimide  or  isoacctimide. 
Specifically,  for  the  phenyl  imide,  the  nitrile:amide  ratio  was  much  smaller  than  for  alkyl 
imidcs  because  the  lower  electron  density  on  nitrogen  is  unfavorable  for  rearrangement  to  the 
isoformimide.  One  would  thus  expect  rearrangement  to  the  isoacctimide  to  also  be 
unfavorable.  Because  decarbonylation  is  rapid  in  comparison  to  nitrile  formation,  one  is 
tempted  to  cxcludo  the  IsOsk'MInudc  ns  •?  dec  nr  !k>!i  y  jntlon  Intcrniodliitv  in  f»*vor  of  the 
alternative  mechanism.  For  the  alkyl  i  in  ides,  the  favored  conformer,  especially  for  the 
secondary  alkyl  groups,  has  a  fraw-like  acetyl.  Both  decarbonylation  mechanisms  require  the 
unfavored  cis-likc  conformer.  in  spite  of  this,  decarbonylation  is  more  rapid  than  nitrile 
formation  through  the  isoformimide.  Thus  one  is  again  tempted  to  favor  exclusion  of  the 
isoacctimide  from  the  decarbonylation  pathway.  However,  there  are  two  reasons  why  the 
considerations  valid  for  explaining  the  change  in  nitrile; amide  ratio  between  two  different 
imides  are  not  valid  for  explaining  the  ratio  for  a  single  imide.  The  first  is  that  imide 
reformation  reactions  competing  with  isocyanidc  isomerization  may  prevent  the  nitrile: amide 
ratio  from  representing  the  relative  rates  by  which  the  imide  forms  isoformimide  or 
decarbonylates,  The  second  is  that  the  activation  energy  for  the  rearrangement  to 
isoformimide  and  isoacctimide  may  tic  significantly  different. 
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V.  CONCLUSIONS, 


It  Is  conducted  that  the  quantities  of  amide  and  nitrite  isolated  may  be  the  net  result 
of  a  number  of  reactions;  imlde-isoimide  reversible  rearrangement,  Isolmide  a-cltmination 
(possibly  reversible),  intide  decarbonyintion  (irreversible),  isocyanido-nitrilo  isomerization 
(irreversible)  and  imide  regeneration  from  isocyanide  and  acid  tltrough  rormamide  and  acetic 
anhydride.  Among  the  imide s  studied,  both  an  electronic  and  a  steric  effect  appear  to  be 
operating. 
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by  an  amt  lye  la  of  the  thermal  decomposition  products  of  N-alkyl  (ary3.)-N-for»ylacot:a- 
tnldoa.  Rotative  yields  in  docarbony lacion  (arising  from  tmi.de)  vs  iaocym-il.de  foram- 
tlon  (arising  from  (nolwldti)  In  the  pyrolysis  of  N-phenyl,  N-u-bfiT y  1 ,  N-acc-butyl, 
and  N-cyclohexyl-N-formy lacoutroidoe  were  found  to  be  99:1,  OoflA,  V/tA3  and  5UA9, 
reopocttvoly.  Nitriles  rather  than  Isoeyanidos  were  Isolated  because  of  the  iso- 
morl2fttion  which  occurs  at  higli  temperaturon.  It  is  concluded  that  the  quantities 
of  nrnido  and  nitrile  isolated  may  be  the  net. result  of  a  number  of  reactions:  inside- 
lsoimldo  voversiblo  rearrangement ,  iaoimtde^-eliminnt  ion  (possibly  reversible), 

Imldo  docarbonylatlon  ( Irreversible) ,  iaoe.yanido-nl ti'llo  Isomerization  (irreversible) 
and  imldo  regeneration  from  isocyanide  and  acid  through  formantide  and  acetic  rmhydridt 
Among  tho  ini  Id  a#  AtudJocl  both  un  olftct route  ami  a  atari  r  of  feet  appoar  Co  be 
operating. 
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